Chimpanzees have been studied for nearly 300 combined years across Africa, but aside from their roles as predators or prey, remarkably little is known about the diverse species with whom they share habitats. We calculated likely chimpanzee encounter rates with sympatric mammals in the Issa Valley, Tanzania, through modelling actual researcher encounter rates with all medium and large mammals. Compared to other long-term chimpanzee study sites, Issa had a relatively high diversity in medium and large mammal species present, with 36 species documented. We encountered common duiker (Sylvicapra grimmia) most frequently, followed by yellow baboons (Papio cynocephalus) and bushbuck. Chimpanzees ranked fifth overall. Chimpanzees, on the other hand, were predicted to most frequently encounter bushbuck, klipspringer and hartebeest-all woodland species. We compare these results to published literature and contextualise them in light of reconstructing diverse mammalian communities in which hominins lived during the Plio-Pleistocene and the use of chimpanzees as flagship species for conservation policy.
| INTRODUC TI ON
There are numerous reasons why it is important to examine the diversity of mammalian fauna that lives sympatrically with wild chimpanzees. First, whilst there has been investigation into interactions between chimpanzees and sympatric primates at various sites, studies almost always concern predatory patterns, with chimpanzees as predators (Basabose & Yamagiwa, 1997; Stanford, Wallis, Matama, & Goodall, 1994; Uehara, 1997; Wrangham & van Zinnicq Bergmann Riss, 1990) or prey (Boesch, 1991) , rather than understanding how species coexist by using different niches, that is, niche partitioning (but see Russak, 2013) . To know more about how chimpanzees and other species share landscapes and mutually exploit resources, more study is needed into broader, community-ecological relationships. In one of the few studies directly examining interspecific interactions, Russak (2013) reported remarkably low spatial (<20%) and dietary (<40%) overlap between chimpanzees and those of other mammals from the Issa Valley, Tanzania. Chimpanzees and carnivores (incl. Herpestidae) had especially minimal spatial overlap. By contrast, members of families Rodentia and Artiodactyla showed the highest rates of spatial overlap. She concluded that overall habitat use overlap between chimpanzees and all other species, including frugivorous birds, to be 46%.
A second reason to consider chimpanzees as part of a broader faunal community is to better understand the role that they play in helping model how early hominins might have responded to similar conditions, especially in open, arid habitats with environmental heterogeneity (Copeland, 2009; Moore, 1992 Moore, , 1996 Pruetz & LaDuke, 2010) .
Understanding extant chimpanzee-sympatriate dynamics informs how we contextualise hominins within diverse mammalian communities (Bobe, Behrensmeyer, & Chapman, 2002) and also how we develop hypotheses on adaptations regarding interspecific competition (Egeland, 2014) . Moreover, ecological data from contemporary (especially diverse) mammal communities reveal distributions across mosaic habitats that can provide models for understanding bone assemblages in the fossil record (Su & Harrison, 2008) . Habitat reconstructions of Ardipithecus ramidus, for example, were informed in large part by isotopic signatures and fossil assemblages of diverse fauna found in the Aramis biotope (White et al., 2009) . Whilst there has been discussion into hypothesised hominin-sympatriate dynamics, especially with carnivores (Treves & Palmqvist, 2007) , comparatively little has been examined for extant chimpanzees, one of the most common analogues for hominins.
Finally, monitoring encounter rates over time allows researchers to make crude assessments on population trends of species that especially live at low densities. Whilst systematic line transects are more reliable for numerous reasons, namely in their controlling of survey effort, transect data often underestimate actual population sizes due to low sample sizes (Fragoso et al., 2016) . Data from reconnaissance walks provide some metric for at least relative changes in abundance and thus have implications for conservationists interested in trends over time in population size. Russak and McGrew (2008) produced the first compilation of sympatric mammals from the six (medium or long-term) chimpanzee study sites where data were available at the time. They reported high variability in mammalian biodiversity across the six chimpanzee communities: Bossou, Guinea; Mt. Assirik, Senegal; Gombe and Mahale, Tanzania; Kibale and Budongo, Uganda (Figure 1 ). They concluded that it was likely that the lists were not exhaustive, and thus, interpretations were tentative. Nonetheless, the authors showed that with 33 genera of medium-large mammals, Mt. Assirik ranked second only to Kibale Forest in mammalian diversity. This is surprising given that Mt. Assirik is described as one of the hottest, driest and most open chimpanzee study sites (McGrew, Baldwin, & Tutin, 1981) , and more broadly, that savannah mosaics are considered "marginal" landscapes (Kortlandt, 1983) . Such may be the case for apes compared to tropical forest populations, but clearly not for other mammalian species.
Whilst there is substantial evidence for intercommunity social variation in chimpanzees (Luncz, Mundry, & Boesch, 2012; van Leeuwen, Cronin, Haun, Mundry, & Bodamer, 2012; Whiten et al., 1999) , there is far less comparative data on physical environment variation, especially for savannah chimpanzees (but see van Leeuwen, Hill, Newotn, & Korstjens, 2017) . One example comes from McGrew's , Baldwin, Marchant, Pruetz, and Tutin (2014) work at Mt. Assirik, Senegal. Located in the northern portion of the Niokola-Koba National Park (PNNK), Senegal, Mt. Assirik is a mosaic habitat, comprised of five different vegetation types: woodland (37%), laterite plateau (28%), grassland (27%), bamboo (5%) and closed gallery forest (3%) (McGrew et al., 2014) . Over 4 years (1976) (1977) (1978) (1979) , they built a data set of all researcher encounters with medium-large mammals. The authors acknowledged that their data were inherently biased towards larger, diurnal and vocally conspicuous species, as those were more likely to be detected than smaller, nocturnal and cryptic species. From those species that met the sample size minimum, they calculated that marsh mongoose (Atilax paludinosus), leopards (Panthera padus) and bushbuck (Tragelaphus scriptus) were the most likely species to encounter chimpanzees, versus jackals (Canis adustus), which were the least likely. Their results provide an important springboard off which others can follow to contextualize chimpanzees in a diverse ecosystem of sympatric wildlife species.
We sought to provide comparative analyses by extracting a similar data set from another open habitat 1 site, the Issa Valley, Tanzania, in East Africa. Comparisons with the Mt. Assirik data allow us to assess whether the interspecific patterns that they described are regionally 1 Chimpanzees can crudely be distinguished into those communities that inhabit areas characterised by tropical, closed-canopy forest, and those that live in drier, savannawoodland mosaic habitats, hereafter classified as "open-habitat" for simplicity. For a discussion, see Moore (1992) and Dominguez-Rodrigo (2014).
K E Y W O R D S
chimpanzee, East Africa, mammals, savannah mosaic, sympatry specific, versus being part of a broader pattern for open-habitat chimpanzees, with implications for chimpanzee adaptation to drier landscapes. Our hypotheses were that (a) Issa and Mt. Assirik, which share broadly similar vegetation and climate, would have comparably diverse wildlife communities, and thus, accordingly (b) researchers (and chimpanzees) at both sites would encounter mammals at similar rates.
| MATERIAL S AND ME THODS

| Study area
The Issa Valley in western Tanzania lies ~100 km east of Lake Tanganyika and about 70 km southeast of the town of Uvinza, in the Greater Mahale Ecosystem (GME). The area has no formal protective status and is characterised by a mosaic landscape, dominated by miombo woodland of predominantly Brachystegia, Julbernardia and Isoberlinia. Separating large stretches of woodland are seasonally inundated swamps, rocky outcrops and thin strips of evergreen, riverine forest with continuous canopies and open understories (Russak, 2014) . Such riverine forest comprises <7% of the study area. Mean daily temperatures of the region range from 11 to 36°C and rainfall averages 1,245 mm/year (range: 1,000-1,650 from 2009 to 2015).
Issa is characterised by an extreme seasonality with typically over six dry months (<100 mm of rainfall) lasting from May to October, during which human-started grass fires burn >70% of the landscape (A. Piel, pers. observation). The elevation ranges from ~1,050 to 1,750 m, all within an 85 km 2 study area.
Since 2008, there has been a continuous research presence at Issa, focused on chimpanzees (Piel et al., 2017; Piel, Lenoel, Johnson, & Stewart, 2015) , red-tailed monkeys and yellow baboons (Johnson, Piel, Forman, Stewart, & King, 2015) . Chimpanzee habituation efforts only began in 2012, with initial work focused on using indirect methods of assessing behaviour, namely passive acoustics (Kalan et al., 2016) and nest building (Stewart, Piel, & McGrew, 2011) . Genetic analyses suggest a minimum chimpanzee community size of at least 67 individuals (Rudicell et al., 2011 ) that live at an extremely low population density (0.25 individuals/km 2 - Piel et al., 2015) . Whilst the area is remote, there is evidence of illegal human activity, namely small-scale logging, poaching and agriculture . Russak (2014) has produced the most thorough mammal list to date of the area (Table 1) . She recorded 40 mammal species from seven different orders. Whilst historically, megafauna such as elephants (Loxodonta africanus), giraffe (Giraffa camelopardalis), zebra (Equus burchelli) and topi (Damaliscus lunatus) have been reported for the area (Kano, 1971; Suzuki, 1969) , she reported no observations of F I G U R E 1 Map of the chimpanzee study sites described in Russak and McGrew (2008) , and now with the Issa Valley included [Colour figure can be viewed at wileyonlinelibrary.com] TA B L E 1 Species list from Russak (2014) with comparativee data on species presence at Mt. Assirik (Senegal) and in the current study these larger species. Iida, Idani, and Ogawa (2012) also provided an exhaustive list of 50 mammal species, but their study area was situated ~30 km north of the current one. 
| Fauna
| Data collection
| Analyses
We within 50 × 50 m grid cells, each of which was classified as one of the previously described vegetation types (see Johnson, 2014) .
We were unable to do this for Mt. Assirik data, which were not available.
All research was observational and complied with Tanzanian
Wildlife Research Institute ethical regulations and conformed to UK legislation under the Animals (Scientific Procedures) Act 1986
Amendment Regulations (SI 2012/3039).
| RE SULTS
We found Issa to have a relatively high diversity in medium and large mammal species present, with 36 species documented, of which 30 were directly encountered. We found common duiker (Sylvicapra grimmia) was the most commonly encountered mammal at Issa, followed closely by yellow baboons (Papio cynocephalus) and bushbuck (Table 2 ). Chimpanzees were one of the most frequently encountered species, ranking fifth overall.
When we looked at encounter rates across years, some species were consistently, frequently encountered, namely common duikers, baboons, red-tailed monkeys, bushbuck and klipspringers, and all species showed increased trends over the 7 years ( Figure 3 ).
All three nonprimate species are characterised as woodland species (Hinde et al., 2001) , and the frequent encounter rate is consistent with a miombo-dominated landscape (Figure 2 ). Researchers spent disproportionately more time in woodland (84.1%) than in forests (14%). Of the large carnivores, we observed leopard the most often (n = 10), but the others extremely rarely: wild dog (n = 5), lion (n = 1), and we never encountered hyaena.
Our final analysis integrated researcher encounter rates with chimpanzees and that with their sympatriates to make predictions on which species chimpanzees would encounter most. Here, we found that chimpanzees were most likely to encounter bushbuck far 2 Despite species differences, we collapsed green monkeys from Assirik (Chlorocebus sabaeus) and Issa (Chlorocebus pygerythrus) into a single group. Note. ✓ = direct evidence only; = indirect evidence only; ✓ (d) = Issa hosts the same genus but a different species; C = known from camera trap only.
TA B L E 1 (Continued) more than any other species, followed by three woodland specialists: klipspringer, hartebeest and common duiker ( Table 2) .
| D ISCUSS I ON
We report here on encounter rates with 36 of the medium-to largesized mammalian species that researchers encountered at the Issa Valley, Tanzania. Researchers encountered common duikers and yellow baboons most frequently and broadly the carnivores the least frequently. When we used encounter rates across vegetation types to make predictions on chimpanzee-sympatriate encounters, we found that chimpanzees were most likely to encounter the another habitat generalist (bushbuck), followed by woodland-far more than forest-specialists. In a previous study from Issa that investigated habitat co-use between chimpanzees and sympatric mammals using patch focals, Russak (2014) reported frugivorous birds and rodents most frequently with chimpanzees (table IV, Russak, 2014 Smits, 1986) .
That bushbuck and klipspringer are primarily browsers (Codron, Codron, Lee-Thorp, Sponheimer, & de Ruiter, 2005) (Okecha & Newton-Fisher, 2006) . Nevertheless, as both species have been documented to prey on small-medium vertebrates (Hausfater, 1976; Ramirez-Amaya, McLester, Stewart, & Piel, 2015) , chimpanzees may have an advantage during contest competition, seizing prey from baboons (Hausfater, 1976; Morris & Goodall, 1977) . What seems clear is the high expected encounter rates between these two species, especially in woodlands. What remains unclear is what influence they have on each other's feeding ecology and movement patterns.
Other striking differences between the sites emerged in researcher encounters and thus predicted chimpanzee encounters with other primates. Issa chimpanzees were predicted to encounter both forest (e.g., red-tailed monkeys) and savannah-dwelling (vervet monkeys) species more frequently than at Mt. Assirik. And whilst McGrew et al. (2014) did not calculate encounter rates with guinea baboons because they were seen multiple times daily near the research camp, at Issa, baboons were the second most frequently encountered species after common duikers, and so we can assume that chimpanzee-baboon encounters may be similarly high at each site.
Finally, chimpanzees at Issa were far less likely to encounter large carnivores than at Mt. Assirik, where grasslands likely support larger herds of ungulates (Shorrocks & Bates, 2015) . Researcher encounters at Mt. Assirik were higher for all three large carnivores:
lion, leopard and spotted hyaena (Crocuta crotuta). Leopards were observed only ten times at Issa, compared to 53 at Mt. Assirik. In general, large carnivores-wild dogs (n = 5), lions (n = 1) and hyaenas (0)-were infrequently encountered by Issa researchers and thus highly unlikely to be encountered by chimpanzees.
| Issa versus MT. Assirik: what explains variation?
It is surprising that few studies go further than either listing sympatric mammalian fauna in chimpanzee-inhabited areas (e.g., Iida et al., 2012) or discussing chimpanzee-carnivore encounters (Boesch, 1991; McLester, Stewart, & Piel, 2016; Newton-Fisher, Notman, & Reynolds, 2002; Stanford et al., 1994; Teelen, 2008 Mt. Assirik has a larger proportion (>25%) of grassland than at Issa (<1%). Grassland species rely on group vigilance to detect stalking predators and thus typically travel in large herds (Scheel, 1993; Thaker, Vanak, Owen, Ogden, & Slotow, 2010) , which are more conspicuous to researchers. Abundance data, which would be useful to compare absolute numbers at each site, are only available from Issa. Piel et al. (2015) used 4 years of line transect results to show that common duikers were the most abundant nonprimate mammal, followed by bushbucks and then baboons. No data on actual mammal abundance are available from Mt. Assirik.
Poaching also shapes species composition. Western Tanzania was once home to herds of giraffe, zebra and eland, amongst other large mammalian species (Kano, 1971) . Conversion of habitat to farmland and poaching (Wilfred & MacColl, 2014) have contributed to the extermination of giraffe and reduced zebra, eland and even buffalo to small herds that travel mostly at night (unpublished data). Removal of these species may open up niches for smaller, medium-sized mammals (Keesing & Young, 2014) . Most recently, Piel et al. (2015) described poaching to mainly be confined to areas peripheral to the core study area at Issa. Mt. Assirik has also experienced poaching over the years (Pruetz, 2013) , but it is unclear what impact poaching had during the late 1970s when these mammal data were collected.
| Open-habitat chimpanzees, sympatric fauna and the fossil record
Isotopic data now firmly put some of the earliest and most critical hominin species in mosaic habitats (Cerling et al., 2011; White et al., 2009 ), similar to the vegetation that comprise both Issa and Mt. Assirik. Contemporary data like those from Issa and Mt. Assirik (McGrew et al., 2014) and Issa (Russak, 2014 ; Current study) provide us an analogue system for hominoid-mammal interaction that could be useful in reconstructing hominin lifeways. For example, by integrating taphonomic and ecological data, we can identify biases in bone assemblages, demonstrate that habitat distributions of the major herbivore species are reflected in the bone assemblage, and establish that community structure of a given assemblage reflects that of the source community. In short, there are diverse utilities of high-resolution modern ecological data, especially of areas where great apes live, for palaeoecological studies (Behrensmeyer & Miller, 2012; Su & Harrison, 2008) .
Moreover, fossils of mammalian species are used to date hominin fossils (DeMenocal, 2004; White, Moore, & Suwa, 1984) , inform palaeohabitat characterisation (White et al., 2009 ) and, more indirectly, reconstruct with what species hominins were sharing and/ or competing for resources (Andrews, 1996; Hatley & Kappelman, 1980; Kappelman, 1984) . Mammalian fossils are also useful in examining hominin evolutionary processes. For example, in Omo (Ethiopia), climate variability during the late Pliocene influenced environmental changes (namely a shift from closed forest to open woodlands) and in turn, the tempo of faunal variability, for example, changes in ecological dominance of suids, cercopithecids and bovids (Bobe et al., 2002) . These shifts in fauna were paralleled by shifts in hominins: the appearance of Homo and disappearance of the gracile australopithecines at ~2.5 mya (Bobe et al., 2002; Foley, 1993) .
